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Determinations of blood viscosity were taken up in this laboratory 
in connection with work on cyanosis and were found to be influenced 
by so many factors hitherto unconsidered that a more thorough inves- 
tigation  of the subject seemed warranted. 
Viscosity may be defined as the internal resistance of the individual molecules 
of a liquid to passage over each other.  It depends on the nature of the liquid and 
on the temperature.  When a liquid flows through a capillary which is wet by it 
the movement of the layer of molecules next to the wall is nil and not dependent 
on the nature of the wall, while the movement in the center of the stream is the 
greatest. 
According to Poiseuille (1), the volume of a liquid passing through a capillary 
tube is directly proportional to the 4th power of the diameter, the time, and the 
pressure, and inversely proportional to the length of the tube. 
d*pT 
0.=  l 
He showed that for each liquid there was a Constant which was the reciprocal 
of the coefficient of viscosity for that liquid. 
By the proportion 
d*pT  1'. 1.1 
Q:--::k. 
l  1 
the constant for the liquid is obtained 
Ot 
-k  -- 
d4  p T 
and can be introduced into the equation thus 
di  p T 
O=k--  l 
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by means of which the quantity (2 can be determined for any capillary tube and 
pressure. 
Since 7, the coefficient of viscosity, is the reciprocal of k 
d4  p T 
7- 
03 
When a liquid flows through a vertical capillary under its own pressure, 
p=h.s 
in which h is the height of the column and s the specific gravity of the liquid. 
If we want merely the relative value of ~ we need only determine under similar 
conditions the outflow time of similar volumes. 
Td4hs  Tld4hsl  Ts 
7/  :r/l::--  :  --  -- 
l  g  T181 
Ts 
or since 71 =  1 
T$ 
Tlsl 
If the specific gravities of the liquids under investigation are not widely different 
T 
TI 
when T1 is the outflow time of distilled water.l 
Method. 
The specific gravity of most blood falls between  1,040  and  1,060, 
an average of 1,050.  No attention has been paid in this work to the 
specific gravity of the blood, the viscosity simply representing the rela- 
tion between  the values of T  for the  blood under investigation  and 
distilled water. 
A  viscosimeter of the type advocated by Determann (2) was made 
by a local glass-blower and, while differing from the orignal in having 
a  capillary  of  slightly  larger  bore,  gave  satisfactory  results  as  the 
value 0.073 minute for distilled water was repeatedly obtained. 1  The 
instrument requires only 0.2  cc. of blood for each determination and 
1 For a critical review of the different types of viscosimeters  and the principles 
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is provided with a  water jacket and thermometer by means of which 
any desired temperature may easily be obtained.  All determinations 
were made  at  20°C.  with  a  stop-watch registering  to 0.001  minute, 
the instrument being cleaned and dried each time. 
For work of the type planned it was impossible to use blood without 
some means  of  preventing  coagulation.  Defibrination,  on  account 
of the considerable changes it brings  about  (3), was not considered, 
and hirudine was not available.  It has always been  considered  that 
the  addition  of oxalate increases the  viscosity of the blood  (3), but 
the work here reported shows that this change is apparently due either 
to insufficient mixing of the blood or to  changes  in  its  gas  content. 
Small quantities of potassium oxalate were therefore used to prevent 
coagulation.  Blood was withdrawn from an ann vein with a  Record 
syringe and oxalated in various ways.  At first the blood was immedi- 
ately added to a small glass cup with a capacity of about 1 cc. contain- 
ing  a  few grains  of powdered oxalate.  Later powdered oxalate was 
placed in  the  barrel  of  the  syringe  before drawing  the  blood,  and 
finally the most satisfactory method was found  to be that of wetting 
the inside of the syringe with a saturated solution of oxalate. 
EXPERI?~rENTAL. 
Effect  of Oxalate  on  the Blood. 
Experiment/.--Blood was taken from an arm vein, put immediately into the 
small glass cup, the viscosimeter filled to the mark by suction from its opposite 
end, and the outflow time determined.  Without removing the needle from the 
vein, more blood was taken into a Record syringe containing a little powdered ox- 
alate.  After considerable  rotation to dissolve the oxalate, the viscosimeter was 
filled from the glass  cup with  this blood.  The figures  below show the results. 
Viscosity. 
Unoxalated blood  ..................................................  7.15 
Oxalated  "  ..................................................  7.76 
Experiment 2.--Blood was taken from an arm vein into a Record syringe wet 
with a.20 per cent solution of oxalate.  The viscosimeter was immediately filled 
from the nozzle of the syringe and the outflow time determined.  The remainder 
of the blood was  put into a test-tube where it did not coagulate.  Blood was 
taken as soon as possible from the same vein into another Record syringe wet 
with 0.9 per cent salt solution.  The viscosimeter was immediately filled from the 
nozzle of the syringe and the viscosity determined. 600  BLOOD  VISCOSITY.  I 
Viscosity. 
Oxalated blood  ....................................................  7.02 
Unoxalated "  ....................................................  7.02 
Experiment 3.--Experiment 2 was repeated, but in filling the viscosimeter with 
the unoxalated blood a bubble of air entered the capillary.  This had to be ex- 
pelled and the instrument was refilled, with a consequent wait of a few moments. 
The delay was not sufficient to result in coagulation of the blood before the deter- 
ruination was made. 
Viscosity. 
Oxalated blood ~  ................................................... 6.49 
Unoxalatcd "  ....................................................  6.69 
In Experiment 2 it will be noticed that there was no opportunity for 
change in the gas  content of the blood and no chance for settling of 
the formed elements, as the viscosimeter was filled immediately from 
the nozzle.  At the same time oxalate was present in sufficiently large 
amounts to prevent coagulation of the blood later in a  test-tube.  In 
Experiment  1  a  few moments were spent in rotating the syringe to 
dissolve the oxalate.  This gave opportunity for uneven distribution 
of the corpuscles and a  large bubble of air due to the presence of dry 
oxalate in  the  syringe perhaps  slightly  changed  the  carbon  dioxide 
content.  These two factors resulted in a higher value for the oxalated 
blood.  In Experiment 3  the viscosity  of the  unoxalated  blood  was 
greater, due evidently to settling of the corpuscles while the viscosim- 
eter was emptied and refilled.  It cannot be denied that when blood 
is  oxalated  in  the  manner  described in  Experiment  2  and  the vis- 
cosimeter  filled  immediately  from  the  nozzle of  the  syringe,  there 
is not time for the blood and oxalate to mix thoroughly, and on this 
account the objection might be raised that in Experiment 2 the figure 
did not represent the  viscosity of oxalated blood.  It did not  seem 
possible  to overcome this  feature in  any way which would secure  a 
uniform suspension of the red cells and a gas pressure the exact equiv- 
alent of that in the veins. 
Effect of Different Quantities of Oxalate on the Same Blood. 
Experiment 4.--15 cc. of blood were taken from an arm vein and 5 cc. put im- 
mediately into each of three separating funnels of 300 cc. capacity containing re- 
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mediately stoppered, filled  with cooled alveolar air, ~ and rotated for 1 minute. 
This operation was repeated three times or until no further increase in redness 
was observed.  Each funnel was again carefully rotated for 1 minute in a  hori- 
zontal position but with a constant slight alternate raising of each end, and blood 
was then drawn into a small glass cup for the viscosity determination by turning 
the stop-cock at the lower end. 
Viscosity. 
Funnel 1 (0.2 gin. of oxalate) .......................................  7.26 
"  2 (0.4  ......  ) .......................................  7.26 
"  3 (0.6  "  "  "  ) .......................................  7.26 
It seems clear from this  that,  other conditions being the same,  the 
blood viscosity is not affected by varying amounts of oxalate.  With 
the  evidence  obtained here  and in Experiment  2  it is probably justi- 
fiable  to  conclude  that  small  quantities  of potassium  oxalate  do not 
alter  the  viscosity at  all. 
Effect  of Insuficient  Mixing  of the  Blood. 
A  very  uniform  suspension  of  red  cells  is  necessary  if  correct 
viscosity determinations  are to be made.  This  is  shown  by  Experi- 
ment  5. 
• Experiment 5.--20 cc. of blood  were  taken  from an arm vein into a  Record 
syringe wet with a saturated solution  of oxalate,  and  the  viscosity was  deter- 
mined almost immediately by filling  the instrument  directly from the nozzle of 
the syringe.  At frequent intervals afterward the blood in the syringe was mixed 
by rotating the syringe so as  to move about a  bubble of air which  had  been 
allowed to remain in it and the viscosity determined by filling the instrument from 
the nozzle.  After again mixing the remaining blood as thoroughly as possible in 
the syringe, one-half was placed  in each of two separating funnels, which were 
immediately stoppered and rotated for 1 minute in the manner already described. 
Blood was then taken from each by the stop-cock and the viscosity determined. 
In order to keep the carbon dioxide content of the blood about  the same as 
that of the body, blood was often saturated  with  alveolar air which had been 
cooled to room temperature by passage through a vessel full of glass beads.  As 
is  shown in Paper II,  this  procedure sometimes actually increased  the  carbon 
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a.m.  Viscosity. 
9.58  (immediately) ..............................................  6.85 
10.05 ............................................................  7.0 
10.08 ............................................................  6.30 
10.15 ............................................................  6.03 
10.20 ............................................................  6.52 
10.25 ............................................................  6.60 
Funnel 1 .........................................................  6.90 
"  2 .........................................................  6.96 
The wide variation in viscosity in the first portion of the experiment 
was apparently  entirely due to insufficient mixing of the blood as is 
well shown by the second portion.  The viscosity after rotation in the 
separating funnel was slightly higher than the first and probably cor- 
rect value, but this, as will be shown later, is to be expected from the 
slight loss of carbon dioxide. 
Since the viscosity of the blood is affected by changes in its gas con- 
tent,  it was found convenient to secure a  uniform suspension of the 
corpuscles by rotating  the  blood in  a  stoppered  separating  funnel, 
which at the same time insured an equilibrium between the gas con- 
tent of the blood and the air in the funnel.  Duplicate determinations 
were obtained without changing this equilibrium by opening the stop- 
cock and drawing a small amount of blood into a 1 cc. glass cup.  The 
time consumed in this manner before filling the viscosimeter did not 
seem to be sufficient to allow sedimentation of the blood. 
Effect  of the Amount  of Blood. 
The amount of blood in the funnel seemed to influence the results, 
as is shown by Experiment 6. 
Experiment  6.--3  cc. of blood were placed in a  separating funnel, stoppered, and 
then  saturated  with cooled  alveolar  air.  The  viscosity was then  determined  at 
intervals after carefully rotating the funnel each time for 1 minute. 
viscosity. 
Immediately  ......................................................  7.12 
After 10 rain  ......................................................  7.4 
"  30  "  .....................................................  7.68 
"  60  "  .....................................................  6.99 
When  the  results of  Experiment  6  are  compared  with  those  in 
Experiment 5 it is evident that at least 5 cc. of blood must be used to 
insure  accurate results. LOVELL  LANGSTROT~  603 
Effect  of Standing  in  Contact  with  the Air. 
It has already been mentioned that the viscosity was found to be 
quickly affected by change in the gas content of the blood.  Oxalated 
blood when left standing in contact with room air rapidly loses carbon 
dioxide and diminishes in bicarbonate content, as has been shown by 
Van Slyke and Cullen (4).  If the blood is covered with a  thin layer 
of paraffin  oil this loss is greatly diminished in rate,  or if the vessel 
containing the blood is tightly stoppered  carbon  dioxide is  given off 
until an equilibrium is reached between the pressure of carbon dioxide 
above and  that in the blood.  Ewald (5) has noted that the viscosity 
of oxalated blood increased with the time after withdrawal.  Experi- 
ments  7  to 9  show  the  effect  on viscosity of allowing  the  blood to 
stand  in  an open vessel. 
Experiment 7.--Blood was taken from an arm vein and placed immediately in 
a small  glass  cup containing a few grains of powdered oxalate.  The viscosity 
was determined at once and at the end of 10, 30, and 60 minutes. 
Viscosity. 
Immediately  ......................................................  6.16 
After 10 rain  ......................................................  6.44 
"  30  "  .....................................................  '6.99 
"  60  "  .....................................................  7.02 
It is probable that  stirring  in  the small glass  cup did  not. give an 
absolutely uniform suspension of the  red cells,  yet  the  outflow  time 
always  increased  in  this  and subsequent  experiments, whereas  if  the 
change in viscosity had been due to unequal distribution of the cor- 
puscles  the  results  would  have  varied  above  and  below  the  value 
obtained in the first determination. 
Experiment 8.--10 cc. of blood were taken from an arm vein with a Record 
syringe containing a little powdered oxalate, placed in a separating funnel, satu- 
rated with cooled alveolar air, and stoppered.  The viscosity was  determined 
immediately and at intervals thereafter for an hour. 
Viscosity. 
Immediately  ......................................................  5.48 
After 10 rain  ......................................................  5.48 
"  30  "  .....................................................  5.48 
"  60  "  ...........................................  •  ..........  5.48 604  BLOOD VISCOSITY. 
1 cc. of the same blood was placed in a small glass cup and the viscosity deter- 
mined immediately and at intervals for an hour. 
Viscosity. 
Immediately ......................................................  5.23 
After I0 rain  ......................................................  5.37 
"  30  "  .....................................................  5.48 
"  60  "  .....................................................  5.76 
The difference in the initial values is attributable to an uneven dis- 
tribution of the corpuscles before filling the small glass cup. 
Experiment  9.--18 cc. of oxalated blood were divided into two portions, each of 
which was placed in a  separating  funnel,  stoppered,  and  thoroughly  rotated. 
The viscosity of blood from each funnel was taken.  Funnel 1 was then left un- 
stoppered for 4 hours and 35 minutes and the viscosity of this blood redetermined 
in duplicate. 
Viscosity. 
Funnel  1 .........................................................  6.90 
"  2 .........................................................  6.96 
"  1  (after standing unstoppered for 4  hrs. and 35 rain.)  ......  8.25, 8.21 
Experiments  7  to  9  show that the viscosity of oxalated blood con- 
stantly increases when it is allowed to stand in contact with the air, 
and this change can be prevented by tightly stoppering the container 
and rotating until carbon dioxide equilibrium is reached.  The infer- 
ence that the change in viscosity is dependent on the carbon dioxide 
content seems, therefore, justifiable. 
Other observers (5)  have shown that saturation of blood with car- 
bon  dioxide  greatly  increases  the  viscosity,  and  their  findings have 
been confirmed in this laboratory.  The influence of  different partial 
pressures of carbon dioxide on blood viscosity is now under  investi- 
gation and will be discussed in a later paper. 
Effect of Temperature. 
The blood viscosity varies greatly with temperature.  It has been 
determined by some observers at body temperature (6) and by others 
at room temperature (7).  Determann (8) reduced the value obtained 
at room temperature to 20°C. from a  series of curves constructed by 
determining the viscosity of different bloods at different temperatures. 
Since all the observations in this work were made at 20°C.,  compari- LOVELL LANGSTROTH  605 
sons between different readings are  reliable.  In  order, however,  to 
study the effect of temperature on viscosity Experiment 10 was car- 
ried out. 
Experiment 10.--10 cc. of blood were withdrawn from an arm vein into a Record 
syringe containing a  little  powdered oxalate, placed  in a  separating  funnel, 
saturated with alveolar air, and stoppered.  Blood was then withdrawn from the 
lower end into a small cup immediately before each determination, which was car- 
tied out in the usual manner after raising the water in the jacket to the required 
temperature. 
Tempoe~&ture.  V~ty, 
C. 
5  14.41 
10  12.47 
15  10.96 
20  9.40 
25  8.03 
30  6.85 
38  5.48 
m,  +~ 
°,-4 
o 
o 
15 
10! 
5 
5  I0  15  20  25  30  35  40 
Ternper~±ure, "C. 
TEXT-FIG. I. The effect of temperature on the viscosity of blood. 
When these values are plotted in the form of a  curve as  in  Text- 
fig. 1, the line is almost straight.  The viscosity of distilled water de- 
creases  directly with increase in  temperature.  With  blood  the  vis- 
cosity  is  relatively  slightly  greater  at  body  temperature  than  at 
lower temperature.  This confirms the finding of Ewald  (5). 606  BLOOD VISCOSITY.  I 
CONCLUSIONS. 
Small amounts of potassium oxalate probably have no effect on the 
viscosity of the blood and changes hitherto ascribed to it can be at- 
tributed either to variation in carbon dioxide content or to sedimenta- 
tion of the red blood cells. 
The viscosity of blood when exposed to  the air increases rapidly. 
This  change accompanies a  loss of carbon dioxide  and can be pre- 
vented  by  stoppering  the  container  and  agitating  until  the  blood 
comes into carbon dioxide equilibrium with the air above it, when the 
viscosity remains constant. 
It is essential in determining the viscosity of blood  that  the red 
cells should be uniformly  suspended  throughout  the  plasma.  This 
can be accomplished by rotating 5 to 10 cc. of blood in a separating 
funnel for 1 minute. 
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